To support policy formulation for rehabilitation of the natural environment in the Western Mancha region in Spain, a planning support system was developed and applied. The system is based on a framework developed for planning and decision making, and includes three main components, namely, a water balance model of the groundwater basin, a planning model and an evaluation model. The water balance model, which makes use of GIS and remote sensing, simulates the average yearly recharge of the aquifer system in relation to the land use changes for average meteorological conditions, to help understand the current situation; the planning model, which makes use of mixed integer programming, simulates the reaction of farmers towards the changes in the present subsidy schemes and helps formulate a proper policy instruments; and finally the evaluation model, which makes use of multicriteria decision analysis to support the evaluation of developed policies and selection of attractive scenarios based on the identified criteria and the preferences/opinion of various decision makers.
INTRODUCTION
The Western Mancha is a sparsely populated region characterized by a high degree of aridity. The economy is mainly agrarian. Water resources are limited to little more than the groundwater in Aquifer 23 (see Figure 3) . The aquifer has a surface outlet in a wetland area called 'Natural Park, Las Tablas de Daimiel'. Many years ago, the low return from rainfed crops like cereals and vineyards influenced farmers to switch to irrigated crops, and to construct wells and 'norias' to extract groundwater from the aquifer. Pumping has dramatically increased since 1970, and in some years the volume of extractions (discharge) was greater than the recharge of the aquifer system. The progressive lowering of the water table in the aquifer has reduced the wetland by more than 60% of its original area and has jeopardized the supply of drinking and irrigation water.
To improve the situation, a plan to reduce the rate of extraction was carried out, and limits on the use of groundwater for irrigation were imposed on the farmers.
The European Economic Community and the Spanish government have initiated a program for the rehabilitation of the natural environment in the Western Mancha region.
To support this effort, a Planning Support System (PSS) was developed to help in formulating and evaluating the impacts of different policy instruments.
This was a typical policy decision problem, which involved choices on at least two levels. At one level the policy makers were trying to decide on the policy which could have the largest impact on the rehabilitation of the region. This was difficult due to the uncertainty about the impact of each policy, which was mainly due to the farmers' responses to the contemplated policy. At another level, farmers had their own decision problem: how best to respond to the new policy environment, given their own objectives and constraints. In order to solve these problems, the uncertainty about the farmers' reactions needed to be reduced. This was achieved by modelling the farmers' reactions towards various policy decisions and their impacts on the environment. Using this system, the existing policy problem was substantiated, then attractive policies were generated, appraised and evaluated for their performance.
The system was presented to the Fundació n Municipal para el Desarrollo Econó mico y el Empleo, in Alcá zar de San Juan. It was well received at the local level and used as a promising tool for formulation and evaluation of the policies that intended to make a sustainable use of the groundwater resources in Aquifer 23. At the governmental level, however, it was not adopted as an additional tool for policy formulation and evaluation. This was due to the large number of different authorities with local, regional and basin competence on the management of the system.
As an example, at basin level the inter-basin transfers from Tajo Basin (hydraulic and hydrological solution) has been used as a solution to the environmental problem at Las Tablas de Daimiel Natural Park, rather than through a more sustainable scheme like the one formulated through this PSS.
As reported by Beaufoy (2000) , the scheme of subsidies in the area has had some success: many farmers have signed up and there has been a notable shift in the cropping pattern in the area towards crops which use less water and a corresponding reduction in extraction from the aquifer. However, the scheme has also been criticized in many senses: (a) as a result of repeated droughts during recent years, and in spite of the reduced extractions, the Aquifer 23 system is far from being restored to a sustainable state; (b) the widespread problems of farms with illegal bore-holes outside the scheme has not been addressed; (c) the cultivation of high-water-demanding crops like maize, beet and melon are heavily subsidized by the Common Agricultural Policy of the EEC, which is in contradiction with the spirit of conservation of the groundwater system. Nowadays, a committee of independent experts, established by Regional and State governments, is proposing new studies of the system. The objective of this committee is to develop a Plan for the Management of Water Resources and for Sustainable Development of the Upper Guadiana River. At this stage of analysis, this PSS may again be used as a tool for the development of new policy instruments, not only for managing water consumption but also for the identification of a sustainable strategy for water resources management. In this paper the basic principles, components and functions of the system are briefly described.
BASIC PRINCIPLES OF PLANNING AND PLANNING SUPPORT SYSTEMS 2.1 Planning support systems definition and components
There are innumerable definitions of planning. The one we like is the definition given by Conyers & Hill (1989) . They define planning as 'a continuous process, which involves decisions, or choices, about alternative ways of using available resources, with the aim of achieving particular goals at some time in future'. This definition attempts to incorporate the main functions included in most other definitions, e.g. as a means to choose, to allocate resources, to achieve goals and to plan for the future. On the other hand, 'planning' is a specific type of decisionmaking; therefore, it should comply with the definition and phases of decision-making process that includes the following main phases (Simon 1960; Sharifi 1999) : Based on these principles and considering the framework which was developed for landscape planning by Steinitz (1993) , the following framework for the planning and decision-making process is developed and applied 2. Understand how the system operates, which requires establishing the functional and structural relationships among its elements:
'process/behavioural model of the system'.
3. Assess the current state of system, and see if is desirable (system is currently working well?), which requires the ability to appraise and judge the current state of the system: 'evaluation of current 9. Explain the choice and communicate the result to the decision-makers through appropriate method (visualization) 'Evidence' is defined here as the total set of data/ information that the decision-maker/planner (DM) has at his/her disposal, including the skills, which are necessary to use them. It is therefore the key resource at all stages of planning and decision-making. Evidence may be available in different forms, such as facts, values, knowledge and experiences. The quality of evidence is a very important aspect. Ideally, a planner/decision-maker hopes to have good quality evidence in abundant supply. Frequently, the evidence will be lacking, and the DM has to enhance its quality before it is used in the analysis. The evidence may be in different forms and format, such as numerical, alphabetical, graphical, map, in sound (spoken form), aerial photographs, satellite images, etc.
In this context we define a Planning Support System (PSS) as a class of geo-information systems composed of data/information, models and visualization tools, which are primarily developed to support different phases of the planning process and its functions. PSS contributes to rationalizing planning and related decision-making processes by providing the necessary support to structure and formulate the problem systematically, develop alternative plans or policy scenarios, assess and evaluate their impacts (considering objectives of the relevant stakeholders) and select a proper policy or plan. Underlying the development of PSS is the assumption that planning is a dynamic process, and therefore requires the relevant support for continuous updating of data, and the generation and evaluation of plans and policies based on the updated data and assumptions. Naturally, a greater degree of access to relevant knowledge and information will lead to the development and evaluation of a more effective number of alternative scenarios, which will result in a better informed planning and public debate.
Main components of the system
Planning support systems, as specific type of decision support systems, include the following main components model-based planning support (Sharifi 2000) . It includes three classes of models (Figure 1 This will also support 'resource analysis', which clarifies the fundamental characteristics of land/resources and helps in understanding the process through which they are allocated and utilized (Sharifi & van Keulen, 1994) . Tinbergen (1956) and Thorbecke & Hall (1982) consider land use planning as part of agricultural sector and/or regional planning, where the effects of economic policies on patterns of, and changes in, land use are studied.
Land use planning process
In this approach, changes in land use are considered as the result of the interaction between policy variables (like infrastructure, investments, prices, credit facilities) and exogenous parameters (resource endowments) that lead to the realization of a number of defined goals (welfare, equity, rehabilitation of environment) and possible (undesired) side effects (environmental pollution).
In this context, land use decisions involve choices on at least two levels, e.g. regional and farm levels. At the regional level, a policy maker is trying to decide how best to allocate resources or lead the agricultural development process in the desired direction through a 
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Introduction to the study area
A case study was developed in La Mancha Province, around the Aquifer 23 system. This is an area of about 5500 km 2 located in the southern central part of Spain.
80% of this area belongs to the province of Ciudad
Real and 20% to the provinces of Albacete and Cuenca Due to the total lack of surface water, groundwater from the aquifer is used mainly for irrigation and also for drinking water supply. Farmers have made huge investments in pumping and irrigation systems. The major problem in the area is caused by the overexploitation of the groundwater reserves, which has led not only to jeopardizing the integrity of the aquifer, but also to large environmental problems, leading to the continuous decline of wetlands in the aquifer's discharge zone at Las Tablas de Daimiel Natural Park (Rodriguez 1994) . Due to the large extent of the aquifer system, and based mainly on data availability and counterpart support, Alcá zar de San Juan district was selected as the study area. This district is located in an area where the groundwater level was relatively high (Getachew 1994) . Alcá zar de San Juan district is located in the central northern part of the aquifer. It extends over around 68,000 ha, of which approximately 52,000 ha are within the aquifer's limits.
PSS concept
Based on the framework presented in Section 2 (Figures 1 and 2) for the planning and decision-making process, and in order to study and assess the possible impacts of different government policies that are formulated for a gradual recuperation of the aquifer and sustainable use of its resources in La Mancha Province, a planning support system for policy formulation and evaluation was developed. The system includes the following main models: In the following sections each model is briefly explained, and application results are reported.
Water balance model
The purpose of this model is to understand the state of the There are mainly two sources of recharge to a groundwater system. Each source is frequently considered separately in order to estimate recharge. The main recharge sources are the direct recharge due to precipitation and the indirect recharge that includes interaquifer flows, irrigation losses and river recharge. The monthly water balance model presented here describes the direct recharge estimation. Indirect recharge was estimated in a parallel study conducted in the area by Getachew (1994) . The water balance model is founded on the method proposed by Thornthwaite & Mather (1957) . It is based on long term average monthly precipitation, potential evapotranspiration and combined soil and vegetation characteristics. Donker (1987) 
Results
For each month, maps of direct recharge were produced for the entire aquifer. Using the annual recharge as Getachew (1994) estimated the indirect recharge of the aquifer at 40 × 10 6 m 3 . According to this, the total annual average recharge of the system should be around 83 × 10 6 m 3 . In comparison with the total estimated discharge (around 135 × 10 6 m 3 /yr), this quantifies the trend of decreasing groundwater level and triggers a decision.
Mixed integer-programming (MIP) model
One approach to managing the declining groundwater level in the aquifer system was to assign a fixed amount of water to the farmers. The Confederació n del Guadiana has limited farmers to extract an average of 225 mm of water per year (well above the average recharge), depending on their farm size. In fact, with efficient irrigation systems and appropriate management, water was not a constraining factor for some crops. However, for some other crops water was a limiting factor.
In spite of the government policies the aquifer continued its decline. It meant that less water had to be allocated in future years to sustain the aquifer. Crop selection should be based on water requirements and water availability. The selection must maintain economic income while less water is used. In order to make the best use of rainfall and the limited supply of irrigation water, a more efficient water management is required.
From 1993, the European Economic Community (EEC) and the Spanish government were implementing four kinds of subsidies in the study area:
-subsidies for type of crop, -subsidies for reduction in water use for irrigation, -set-aside subsidies, -subsidies for reforestation.
Subsidies for type of crops
One annual subsidy was given to stimulate the cultivation of specific crops either in irrigated or rainfed conditions. These subsidies were established each year and were based on the EEC Common Agricultural Policy. They were given on an area basis (per ha). Farmers receiving these subsidies had to maintain fallow at least 15% of the total area of the farm.
Subsidies for reduction in the use of water for irrigation Both the Confederació n del Guadiana (CHG) and the Irrigators Association established the maximum yearly amount of groundwater available for irrigation (in m 3 /ha).
This endowment was calculated based on crop water requirements and farm size. The total water use for each farm was derived through multiplication of the area by its corresponding water requirement, as established by the CHG. An average value of consumption of water per hectare was obtained by dividing the total water used over the total number of hectares. The result was compared with pre-established figures for the use of water. Subsidies were given when they were applicable. Depending on the amount of water used, three types of subsidies were granted. Subsidies were given for programs of reduction in water use of 50%, 70% and 100%.
Set-aside subsidy
Farmers in irrigated lands opting for set-aside subsidies received compensation. These subsidies are aimed at stimulating farmers to leave part of their land fallow. In rainfed lands this subsidy was lower. Farmers could receive simultaneously payments for water reduction and the set-aside subsidy.
Subsidy for reforestation
The subsidy for reforestation included the costs of reforestation, plus a premium for maintenance. For five years farmers received an average annual payment and a compensatory premium for twenty years. Farmers could take simultaneously the subsidy for reforestation and the set-aside subsidy. It was not possible for them to take the subsidies for reforestation and a reduction in water at the same time. For non-irrigated lands subsidies for reduction in water use were not applicable. A schematic flow chart of the possible farmers' decisions with respect to the different subsidies is presented in Figure 6 .
MIP model formulation
To simulate the behaviour of each class of farmer (big, medium and small) holding different type of land (irrigated and non-irrigated), and seeking for the cropping pattern that maximizes their profits considering various subsidies schemes, an optimization model was developed.
The optimization was based on irrigation water availability, land availability, crop rotation, production policies and existing subsidies schemes. Subsidies are offered for crop type, reduction in water use (50%, 70%, 100%), set-aside and reforestation. The optimum cropping pattern for each type of farm and land was the basis for the calculation of the total cropping pattern in Alcá zar de San Juan district. The planning period has been assumed to be one year. However, the results can be considered as an average over a span of time of five years (duration of the program of subsidies for reduction in water consumption). In order to study the farmer's decisions with respect to the different combination of subsidies, a mixed integerprogramming model was developed. It simulates the behaviour of farmers with respect to different subsidy policies, and estimates their economic and environmental impacts. It was mixed because the farmer's decision outcome with respect to a particular subsidy was either positive '1' or negative '0'. In the problem formulation, the objective function for optimization was the profit maximization for each of the three farm sizes in both rainfed and irrigated conditions. Decision variables were either the rotation type or the crop type, and the decisions for each subsidy scheme. Constraints included type of farm (irrigated/rainfed), water and land availability, and policy and marketing constraints with regard to the traditional vineyard cultivation, garlic, cereals and tubers. Restrictions expressing the relationships between the different subsidy schemes were also considered.
With respect to rotations, two approaches were considered. The first one took rotations as the decision variables (approach 1). The second approach considered each crop as an activity and included market and rotations constraints obtained from the analysis of the cropping pattern evolution in the case study area (approach 2). The cost of the land was not included in the economic analysis.
Due to the strong tradition of vineyard cultivation it was assumed that the area under vineyards would remain the same. Studies made with respect to the evolution of this crop between 1984-1995 strongly supported this assumption.
The matrix structure of the model is shown in Table 2 .
When crop rotation is considered as activity (approach 1), According to the government estimates, the enforcement of the programme of subsidies for water reduction, big farmers opted for the 70% reduction in water consumption, medium farmers for the alternative of 50% reduction. Small farmers were expected to be not interested on this type of subsidy. The MIP model predicted the same results. In rainfed lands results of the model indicated that big and medium farmers would opt for cultivation of sunflowers. Small farmers would opt either for reforestation or for the traditional vineyard cultivation. In helpful to the economic improvement of vineyards. However, a policy like this would be against the EC plans, which are in favour of the abandon of vineyard fields.
Comparison between the land use classification from
Landsat data of 1993 and the results of the model (Table 3) shows a reduction of tendencies in the irrigated area, combined with an increase in the reforested and abandoned lands. For each type of farm, the average results of farmers' total net income were calculated (Table 4 ). In general, from the total average income per hectare, 30% correspond to subsidies given by the Common Agricultural Policy (subsidies for crops, set-aside and reforestation), 25% to subsidies for reduction in water use and 45% to crop income.
Small farms in both irrigated and rainfed lands had lower income than the other farms, because of the assumption that they would continue cultivating vineyards. This explains the reason why small farmers in irrigated lands would only pay 7 pesetas/m 3 for water, while medium and big farmers would offer around 30 pesetas/m 3 .
Results
The MIP model predicted the decline in cultivation of crops with high water needs (alfalfa, sugar beet and maize) and their replacement by crops with lower water demand.
It also showed that some existing land use patterns (vineyards) would continue to exist, because they represent a long tradition. The model also predicted a reduction in the area of irrigated land, because the farmers would set aside a part, and showed that the applied subsidy policies would stimulate the reduction in use of groundwater for irrigation. However, if the average annual recharge of the aquifer (83 × 10 6 m 3 ) is compared to the annual discharge (135 × 10 6 m 3 ), it can be clearly seen that, although subsidies are effective, the water table in the aquifer would continue decreasing. Logically, the water table depletion would be reduced, but sooner or later the groundwater reserves would finish if mining of groundwater continues.
However, it is still possible, for a number of more dry years, to allow the same level of agricultural production as in wetter years, through further mining of groundwater.
Multicriteria evaluation model
Results of the previous section showed that the MIP model is rather well simulating the behaviour of the farmer with respect to different subsidy schemes. The next step in simulation is experimentation with the model in order to formulate different policies and to study their impact from different perspectives. Using the MIP model 10 scenarios that were deemed to be attractive and include extreme variations of the present subsidy scheme were generated as follows:
• current subsidies scheme implemented in the area (scenario 1),
• policy without subsidy for crop type (scenario 2), • policy without subsidy for reduction in water use for irrigation (scenario 3),
• policies without subsidy for abandon of lands (scenario 4),
• policies without subsidy for reforestation (scenario 5), • policy without any kind of subsidies (scenario 6), • 25% reduction in subsidy for sunflower and peas (scenario 7),
• 50% increase in subsidy for cereals (scenario 8), • scenario 7 + scenario 8 (scenario 9), • water pricing policy (groundwater cost = 10 pesetas/m 3 ), without considering subsidies for reduction in water use for irrigation and without constraints about maximum water use (scenario 10).
The next step in the planning process is the assessment and evaluation of different scenarios from different perspectives, considering different criteria. This is carried out through application of a multicriteria evaluation model. In this process, the overall utility of alternatives was evaluated on the basis of their impacts in terms of the decision criteria and the associated values that decisionmakers assign to them. The latter is generally referred to as weight. In this experiment, the following four criteria were considered for multicriteria evaluation:
• income generation (estimated in pesetas), • total employment (estimated in average man/month),
• irrigation water use (estimated in m 3 /yr), • government expenditures (estimated in pesetas).
Within these criteria, income and employment are considered as benefit criteria (the higher the better) and the irrigation water use and government expenditure as cost criteria (the lower the better).
A project impact matrix represents performances of each alternative scenario on each criterion. Using MIP, impacts were estimated and presented in However, scenario 10 presented a very high water consumption, which is again explained because of the large area cultivated under melons. Government expenditures varied between the scenarios.
As can be seen from Table 5 , each criterion is measured/assessed with different units. The first step in the multicriteria evaluation is to convert all measurements to one unit, which is the utility of different criteria as perceived by the analyst or decision-maker's 'value judgment'. The result is 'partial evaluation evaluation/ attractiveness' of the scenarios based on each criterion.
This process is also referred as standardization or normalization. Since detailed information on the utility of each criterion was not available, row-max and interval standardization methods were applied for the weighted sum and ELECTRE-2 method, respectively. This produces a utility of '1' for the maximum score of each benefit criteria, and relatively smaller values for the others. As a result of this process, the performances of all scenarios on each criterion are represented in utility values (between 0 and 1), which are comparable. To find the overall attractiveness of each scenario, all the partial attractivenesses should be somehow aggregated using an aggregation rule.
In decision models based on utility theory, weights are used for aggregating partial attractiveness. The interpretation of the weights depends on the shape of the utility function. In the most commonly used linear utility function, weights are used as price coefficient for criteria, and ratios between weights represent trade-off ratios between criteria. As the partial utility functions may be nonlinear, the weights then correspond to non-constant price functions for criteria, and weight ratios represent variable tradeoff ratios between them. As explained earlier in this study the linear utility function was assumed for all criteria. Since from the perspective of different stakeholder/decision-makers different criteria may have a different level of importance, this priority has to be identified and considered in the aggregation process. In this study, three classes of stakeholders, namely farmers, environmentalists and government, were considered.
Considering the problems of weight determination as described by Lahdelma et al. (2000) , the weights or level of importance related to each criterion were estimated through inquiries carried out with the main interest groups. In total 13 inquiries were conducted: 8 to farmers, 1 to environmentalist and 4 to government politicians.
The inquiries were made using two methods:
• direct rating, in which the decision-maker is asked to divide 100 points between all considered criteria based on their importance,
• qualitative pairwise comparisons of criteria using the Table 6 .
For the aggregation of the partial attractiveness into the overall attractiveness two different aggregation rules, the weighted summation and an out-ranking methods 'ELECTRE-2' (Roy 1973) , were chosen and applied. They were selected based on the type of available information, as well as their transparencies and applicabilities in this type of analysis. The software used for this application was the DEFINITE program (Janssen & van Herwijnen 1992; Janssen et al. 2000) .
Results of the multicriteria analysis for the two methods are shown in Figures 7(a,b) . Results were quite sensitive to the set of weights. When set W1 was selected, the weighted summation results indicated scenario 10 as the best alternative. This could be expected, as this scenario removes the limitation on the use of water and therefore produces high income and employment at very little cost to the government. However, using the ELECTRE-2 method, the same conclusions were not derived; given the thresholds for concordances and discordances no distinction could be made between scenario 10 and the others.
When other sets of weights were used scenario 10 was poorly ranked. This is due to the very high use of water, which is considered as the source of existing problems in the region (highest weight, Table 6 ). Results of the weighted summation method using weight sets W2 and W3 indicated scenario 8 as the best. Scenarios 5, 1, 2, 3, 4 and 9 were ranked almost the same at the next level, and scenarios 6, 7 and 10 as the worst, and therefore could be discarded from further analysis. For the ELECTRE-2 method again scenario 8 ranked as the best. From the evaluation results it was not directly clear which scenario could be classified as the next best (considering the selected thresholds). However, it was evident that scenarios 4 and 7 were always outranked by other alternatives. Although scenario 10 could not be ranked it was dominated by almost all other alternatives.
Looking at Figures 7(a,b) and Table 5 it can be concluded that, based on the selected criteria, scenario 8, which is a policy to increase the cereals subsidies, appears to be the best, as it uses the least amount of water and produces high income, good employment, at the high cost of government expenditure. Although scenario 9 produces high employment and income with less government expenditures, since its water use is the second highest, it is not recommended as the next option. Scenario 6 creates the second highest employment at no government costs;
however, since its income is low and its water use is relatively high it is also not selected as the next policy option.
Scenario 2, which is the policy without subsidy for crop type, is picked up as the second best option, as it has the second least water use, good income and employment rate and low government expenditures. This is followed by scenario 3, which is the scheme without subsidies for reduction in water use, followed by scenario 1, which is the 1993 scheme of subsidies in the area. Although in 1993 all the farmers were accepting this type of subsidy, the reduction in water use seems to be motivated by the maximum water endowment established by the government and not by the given amount of subsidies. In this sense it would be reasonable to maintain these subsidies only for a period of five years, as the government planned.
Alternatives considering a reduction in the subsidies for sunflowers or pea cultivation or set-aside were ranked as the worst. A policy considering a water market pricing with cost of groundwater equal to 10 pesetas/m3 would not be effective.
Results
The multicriteria analysis indicated that a policy considering increases of 50% in subsidies for cereals would be better than the subsidy scheme implemented in the area in 1993, or any other subsidy schemes. However, this strategy would not lead to a recovery in the aquifer's water table. Reduction in water use for irrigation is most effective through a policy of maximum groundwater endowment established by the government, and not through subsidies set to discourage the use of groundwater. In order to re-establish the natural equilibrium discharge-recharge in the aquifer system, strong restrictions on the use of groundwater for irrigation have to be implemented. The cropping pattern in the area would change dramatically as a consequence of policies diminishing subsidies for sunflowers, peas or set-aside. An adequate and planned policy for subsidies for crops has to be implemented and continued.
DISCUSSION AND CONCLUSIONS
The study is an illustration of a case in which the concept of model-based Planning Support Systems (PSS) proved to be applicable and usable. The concept is particularly useful to support logical, rational and transparent decisionmaking processes. The developed system was innovative in the sense that it was based on an integration of the results of three different models, namely a resource analysis, a planning and a multicriteria evaluation model.
Specifically the system included the following models: 
